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ABSTRACT: This research is aimed at using Snail Shell Powder (SSP) and Palm Kernel Shell Powder (PKSP) in 
stabilizing clay. Elemental and oxide compositions of the powders were determined and they revealed SSP is richer in 
CaO than PKSP. Sieve Analysis, Compaction, California Bearing Ratio (CBR) and Atterberg Limit were conducted on 
natural and stabilized soil mixture. The natural soil (A-7-6) was blended with SSP and PKSP at varying proportion of 2%, 
4%, 6%, 8%, and 10% by dry weight of soil respectively and also combined at ratios not more than 10% total .  Inclusion 
of additives increase the Maximum Dry Density (MDD) while it predominantly decrease the Optimum Moisture Content 
(OMC) values of the stabilized soil mixture. Plasticity Index (PI) decrease with the addition of the powders with the best 
performance observed mostly with SSP blended soil. It was also found that the CBR values of soil increase with 
corresponding increase in dosage of the powders. Soil blended with 8% SSP offered the best result with increase in MDD 
from 1198 to 1300kg/m3 while the combined additives gave the best result at 2%SSP+8%PKSP addition with MDD 
increasing to 1266 kg/m3 and further reduction of OMC to 21%. The best results in PI were from Soil blended with 2% 
SSP and also 2%SSP+8PKSP with 6.25% and 9.2% respectively. For CBR, soil blended with 8% SSP and 2%SSP+8PKSP 
of combined ratio gave peak performances. The potential of these additives in improving soil properties and reducing 
construction cost of road are presented. 
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Clay soil is available almost everywhere in the world 
and depending on its intended use; its geotechnical 
properties may need to be improved. The need for soil 
stabilization arises whenever the engineering 
properties of   natural soil is poor or when a section of 
the land is found not suitable to support the foundation 
in its natural state as well as when there is need to 
reduce the cost of construction especially in road 
pavement (Ogundipe,2013).  
There are various methods of soil improvement but 
chief among them often used for highways is 
stabilization using admixtures. Stabilization which is 
basically the optimization of constituent materials 
properties. It can be achieved either by mechanical 
means, physical means or addition of chemical. 
Chemically stabilized soils are composite materials 
containing natural soil and at least one or more 
materials (Basha et al., 2005). The material (natural or 
synthetic material) is purposely added to improve the 
engineering properties of the natural soil. Although, 
Portland cement, lime and sometimes bitumen are the 
most commonly used stabilizers of soils (Basha et al., 
2005; Hossain et al., 2007; Vilane 2010). Their 
production releases harmful gases to the environment 
which in turn contributes to global warming. It has 

been indisputably established that the cement industry 
is a major source of CO2 emissions contributing about 
5% to global anthropogenic CO2 emissions with an 
average intensity of carbon dioxide emissions from 
total global cement production of 222 kg of C/t of 
cement. This is due to its dominant use of carbon-
intensive fuels, such as coal in clinker making 
(Worrell et al., 2001). On the other hand, lime which 
is a term often used to mean quick lime (CaO) and 
hydrated lime (Ca (OH)2), is also one of the basic 
materials used in the construction industry. Although, 
there use in construction industry in Nigeria is low 
compared to cement as most of the products used for 
its production is sourced from abroad. Just like in the 
production of cement, its production releases harmful 
gases (pollutants) which include dust, SO2, NOx and 
HCL.  
Consequent upon the increasingly environmental 
impacts such as carbon emission associated with the 
production of cement and lime, there is a serious 
global focus on the utilization of locally available 
materials, agricultural waste and by-products in the 
construction industry. In most developing countries 
and Nigeria in particular where there are no sanitary 
landfills; household wastes, agricultural by-products 
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and waste litters the streets.  Generally, large 
quantities of wastes generated in Nigeria are from 
agriculture (Edewor and Jemni 1990); while materials 
including palm kernel shell specifically are largely 
available in the southern zone of the country 
(Olanipekun et al., 2006). Although, information on 
the quantities of agro-waste or agricultural product 
generated in Nigeria man not be available and 
estimates of agricultural waste are rare. These agro 
waste generally contributes significantly to the total 
waste matter in the Nigeria (Obi et al., 2016). 
 
However, the generation of wastes and its disposal are 
ever more becoming a major concern globally 
(Gardner 2011; Gomes et al., 2011; Hossain et al., 
2011; Osinubi and Edeh 2011; Wen and Wu 2011). 
Reports and investigations has shown that these waste 
products can be adapted for use as soil stabilizer or 
other construction materials if suitably applied. 
Although, it may be practically impossible to do 
without the conventional stabilizers; a reasonable 
fraction can be substituted or partially replaced. 
Therefore, in a bid to provide sustainable 
(economically, socially and environmentally) 
materials for construction purposes, preserve natural 
resources, reduce heaps of voluminous wastes and 
ultimately reduce construction cost; the applicability 
of several agro waste materials have been investigated. 
Several scholars have reported the suitability of some 
agro wastes and industrial by-products as alternative 
construction materials. The applicability of these 
waste by-products has been in various forms. They are 
used in fiber, ,calcinated ash, shell forms These 
materials include among others Rice Husk (Oluwatuyi 
and Ojuri 2017; Phanikumar and Nagaraju 2018), 
Coconut Shell and Coir (Oyedepo et al., 2015; Sanjay 
and Rajeev 2015; Ashish Johnson and Krishnankutty 
2017),  Sugarcane Baggase (Alavez-Ramirez et al., 
2012; Abdulkadir et al., 2014; Salim et al., 2014; 
Danso et al., 2015), Egg Shell (Amu and Salami 2010; 
Jiksymol et al., 2014; Johns et al., 2017; Karthika et 
al., 2016; Kavyashree et al., 2016; Okonkwo et al., 
2012), Cassava peel (Salau et al., 2012; Bello et al., 
2015; Olutaiwo and Adanikin 2016), Groundnut Shell 
(Nnochiri and Ogundipe 2016; Sujatha et al., 2016), 
Saw dust (Ogunribido 2012; Ayeni and Ayodele 2015; 
Butt et al., 2016), Palm Kernel Shell (Edeh et al., 
2012; Adetoro and Faluyi 2015; Nnochiri et al., 2017), 
Fly Ash (Phanikumar and Sharma 2007; Okunade 
2010; Phanikumar and Nagaraju 2018), dusts (Sunil et 
al., 2016; Igwe and Adepehin 2017; Duc and 
Onyelowe 2018), Bamboo (Amu and Adetuberu 2010; 
Olofintuyi et al., 2015; Brahmachary and 
Rokonuzzaman 2018).etc. Few researches have been 
carried out on using the powder form of the waste 
except sea shell powder (Mounika, et al., 2014) and 

eggshell powder. Therefore, putting in context the 
availability of palm kernel shell and snail shell in 
Nigeria owing to her been an agrarian country and the 
present economy: there is a persuasive need to look 
towards its use, being a cheap and readily available 
alternative materials. In this research, clay soil is 
modified with snail shell and palm kernel shell 
powders and subjected to some geotechnical 
investigation with the aim of providing the 
applicability of Snail Shell Powder and Palm Kernel 
Shell Powder in stabilizing clay soil. 
 

MATERIALS AND METHOD 
Materials: Natural clay soil, eggshell powder, palm 
kernel shell powder and water were used .The clay soil 
sample was collected at a clay deposit along Ise - Ikere 
Road, Ikere-Ekiti, Ekiti State, Nigeria at 7° 49�18′′� 
latitude and 5° 24′19′′� Longitude. Ikere clay are 
predominantly kaolinite and has a clayeyness of 0.7 
(Akinyemi et al., 2014). Snail shell and palm kernel 
shell were sourced from local farms in Ado-Ekiti, 
Nigeria. Potable water was used in mixing the powders 
with the soil. 
 
Sampling and preparation: Clay sample was collected 
at 500mm depth below the ground level. The sample 
was taken to the laboratory in a watertight and airtight 
polythene bag for further treatment and use. Palm 
kernel shell was sun-dried and milled while Snail shell 
was sun-dried and grinded. The powders (PKSP and 
SSP) were sieved through 75μm sieve size. Powders 
of 0, 2, 4, 6, 8 and 10% by weight of the dry clay 
sample was mixed with the samples. 
 
Physical properties of soil: Tests including soil index 
properties, classification tests as well as strength 
properties test were performed on the natural and 
modified clay sample. These tests are natural moisture 
content, specific gravity, particle size distribution, 
consistency (Atterberg) limits while compaction tests, 
Triaxial test and California Bearing Ratio were 
performed on the soil to determine strength properties. 
These laboratory tests were conducted at the Soil 
Mechanics laboratory of The Federal Polytechnic 
Ado-Ekiti in conformity with. BS 1377-2. (1990). 
 
Chemical properties of additives: The elemental and 
oxide composition of the powders were determined 
using Atomic Absorption Spectrometry (AAS) and X-
Ray Fluorescence (XRF).They were carried out at the 
Chemical Laboratory of Afe Babalola University, 
Ado-Ekiti, Ekiti State and National Agency for 
Science and Engineering Infrastructure (NASENI) 
CoEx Laboratory, Akure, Ondo State respectively. 
The mineral content of the digested sample was 
analyzed using Atomic Absorption Spectrophotometer 
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(Buck Scientific 210 VGP) and UV Visible 
Spectrophotometer (PG T60U) and their oxides were 
calculated using a conversion table.  
 
Skyray EDX3600B X-ray fluorescence spectrometer 
was used to determine elemental composition of the 
powders. The system detects elements between 
Sodium (Na, Z=11) and Uranium (U, Z =92) with high 
resolution and fast analysis. After each powder sample 
was pulverized to fine homogeneous size and then 
pelletized. The following steps were adopted: 
Initialization (calibration) using pure silver sample. 
The working curve according to the sample was 
selected Sample was tested and the output was 
processed to an excel sheet. 
 

RESULTS AND DISCUSSION 
Properties of the soil and the additives: The tests 
conducted on the natural clay soil including sieve 
analysis, Specific gravity, consistency limit test, 
compaction, California Bearing ratio (CBR) are shown 
in Table 1. The particle size distribution shows the soil 
contains 94.48% fines with silt being the predominant 
material of 78.88%.The clay fraction is observed to be 
15.6%.The plasticity which is the behaviour of soil 
when there is changes in moisture was also observed. 
Plasticity Index of 21.8 indicates that the soil is of 
medium plasticity. Owing to the results obtained from 
some preliminary tests, the soil is classified as CL and 
A-7-6 being classification for USCS and AASHTO 

system respectively. The soil Group Index (GI) of 23.2 
infers that the soil is very poor. The chemical 
composition of the soil shown in Table 2 revealed that 
the soil has 40.58% composition of SiO2 being the 
highest and 0% of CaO, the lowest. Tables 3 and 4 
describes the oxide and elemental composition of the 
additives. It is observed that the main oxide contained 
in both SSP and PKSP is CaO, with a value of 25.7% 
for the former while the latter contains 7.5%. 
 

Table 1.Summary of physical properties of the soil 
Particle Size Distribution  

 (
%

 p
as

si
ng

 s
ie

ve
s 

si
ze

s)
 

9.5mm 100 
4.75mm 99.6 
2.36mm 98.7 
1.18mm 97.68 
0.6mm 96.7 
0.425mm 96.2 
0.3mm 95.66 
0.15mm 94.92 

% Fines                            0.075mm 94.48 
% Clay particles            (˂ 0.002mm) 15.6 
Consistency   
Liquid limit % 50.3 
Plastic limit % 28.5 
Plasticity Index % 21.8 
Other properties   
Specific Gravity (Gs) 2.52 
Optimum Moisture Content (Standard proctor) % 25.5 
Maximum Dry Density (Standard proctor),Kg/m3 1197 
Soil  Classification   
USCS  CL 
Group Index 23.2 
AASHTO A-7-6 

 
Table 2. Oxide composition of Ikere clay 

Ikere clay 
Oxide SiO2 CaO Al2O3 Fe2O3 K2O Na2O SO3 MgO P2O5 
% composition 40.58 0 27.03 17.6 0.35 0.02 0.01 0.49 0.15 

Source :( Akinyemi et al., 2014) 
Table 3. Oxide composition of the additives 

Additives 
Oxide SiO2 CaO Al2O3 Fe2O3 K2O Na2O SO3 MgO P2O5 
PKSP % composition 1.5 7.5 0.166 6.2 0.004 0.021 0.78 0.164 0.009 
SSP % composition 2.15 25.7 0.282 1.88 0.014 0.018 0.034 0.196 0.0029 

 

Effect of PKSP and SSP powders on compaction characteristics of the 
soil: Compaction characteristics of the stabilized soil is shown in Fig. 1. 
During compaction, there is a reduction in voids which is as a result of 
packing of soil particles. Water serves as the lubricant and enable the 
packing of soil particles. The Maximum Dry Density improves with 
increase in Snail shell and Palm kernel Shell powder contents except 
when stabilized with 10% SSP. A reduction in the MDD at 10% snail 
shell powder content indicates that the snail shell content in the soil was 
in excess of the amount needed to improve the geotechnical 
characteristics of the soil. The significant improvement may be attributed 
to the little presence of Cao in the additives. Other factors that could have 
been responsible for this improvement are cation exchange reactions and 
consequently formation of new compounds (Onyelowe and Duc 2018). 
The Optimum Moisture Content (OMC) of the stabilized soil showed a 
consistent decline except for soil matrix stabilized with 10% SSP and 
10%PKSP, though the maximum was recorded at 10% SSP. This 

behaviour may be due to cation 
exchange reactions as well as higher 
water absorption affinity between 
the soil and the additives at 10%. 
However, the behaviour of the 
stabilized soil mixture containing 
the combination of the additives in 
ratios of 2%:8%, 4%:6%, 6%:4% 
and 8%:2% of SSP and PKSP 
respectively are shown in Fig. 2.Soil 
mixtures with 2%:8%, 4%:6% and 
8%:2% ratio of SSP and PKSP 
respectively recorded remarkable 
improvement in the MDD, although 
with a non-definite trend in OMC. 
There was a reduction in OMC of 
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soil containing 2%: 8%, 6%:4% and 8%:2% ratio of SSP and PKSP 
respectively. 

Table 4. Elemental composition of the additives 

Sample Name SSP PKSP 

Test Time(s) 100 100 
Work Curve ORE ORE 
Voltage(KV) 40 40 
Current(μA) 350 350 
Element Intensity Content Intensity Content 
Mg 0.0000 0.0000 0.0000 0.0000 
Al 0.0012 0.3692 0.0006 0.1595 
Si 0.0060 0.5176 0.0080 0.7156 
P 0.0068 0.3224 0.0037 0.1717 
S 0.0069 0.5042 0.0077 0.5742 
K 0.0000 0.0000 0.0084 0.6805 
Ca 0.6652 65.2849 0.0069 0.1145 
Ti 0.0000 0.0000 0.0001 0.0000 
V 0.0001 0.0045 0.0002 0.0092 
Cr 0.0001 0.0000 0.0001 0.0027 
Mn 0.0003 0.0116 0.0003 0.0153 
Co 0.0001 0.0014 0.0003 0.0051 
Fe 0.0016 0.2355 0.0068 0.7306 
Ni 0.0005 0.0273 0.0016 0.0974 
Cu 0.0010 0.0209 0.0033 0.0560 
Zn 0.0017 0.0551 0.0045 0.1547 
As 0.0000 0.0000 0.0001 0.0000 
Pb 0.0001 0.0019 0.0002 0.0021 
W 0.0002 0.0334 0.0005 0.1801 
Au 0.0000 0.0228 0.0000 0.0000 
Ag 0.0000 0.0007 0.0000 0.0000 
Rb 0.0000 0.0000 0.0001 0.0004 
Nb 0.0000 0.0000 0.0031 0.0329 
Mo 0.0024 0.2245 0.0033 0.1951 
Cd 0.0000 0.0000 0.0000 0.0000 
Sn 0.0023 0.4185 0.0074 1.3858 
Sb 0.0033 0.4010 0.0093 1.1663 

 

 
Fig 1. Compaction characteristics of the soil stabilized with varying PKSP and SSP. 

 

 
Fig. 2. Compaction characteristics of the soil stabilized with combined PKSP and SSP 

Effect of PKSP and SSP powders on 
consistency of the soil: Consistency 
limits behaviour of the soil 
stabilized with SSP and PKSP 
content (%) is shown in Fig. 3. 
Liquid limit reduced at all additive 
content (%) except at 4% PKSP, 
6%SSP and 10% PKSP while 
plastic limit also increased when 
SSP and PKSP was added at 2, 4 and 
8%.The stabilized soil matrix also 
recorded improvement in its plastic 
limit at 6% SSP, 10%SSP.It is 
observed that there was increase in 
plastic limit of the stabilized matrix 
when SSP was added. This may be 
due to high water absorption affinity 
between SSP and the soil. 
Consequently, plasticity index of 
the stabilized soil matrix reduced at 
addition of 2%, 4%, and 8% of both 
SSP and PKSP while it also reduced 
10% addition of SSP. The reduction 
in Plasticity Index (PI) pointed out 
the improvement in the soil 
workability (Harichane et al., 2011). 
However, the consistency behaviour 
of the stabilized soil mixture 
containing the combination of the 
additives in ratios of 2%:8%, 
4%:6%, 6%:4% and 8%:2% of SSP 
and PKSP respectively are shown in 
Fig. 4. There was a reduction in the 
Liquid Limit of the soil containing 
the combination ratios of SSP and 
PKSP respectively. Aside 6%:4% 
ratio of SSP and PKSP respectively, 
all the combination reduced the 
Plasticity Index (PI) of the soil. 
There was also decrease in Plastic 
Limit of the stabilized soil with all 
the combinations except for 2%:8% 
ratio of SSP and PKSP respectively.  
 
Effect of PKSP and SSP powders on 
CBR of the soil: The measure of the 
mechanical strength of soil used for 
highway construction is done using 
the CBR results. A major 
assessment for the foundation 
(Subgrade) of a road is CBR. Fig. 5 
showed the mechanical strength of 
the natural and stabilized soil 
mixture. Although the highest CBR 
value obtained either at 2.5mm or 
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5mm penetration is usually taken as the CBR value. 

 
Fig. 3. Consistency behaviour of the soil stabilized with varying PKSP and SSP. 

 

 
Fig. 4. Consistency behaviour of the soil stabilized with combined PKSP and SSP 

 

 
Fig. 5. CBR behaviour of the soil stabilized with varying PKSP and SSP 

 

 
Fig. 6. CBR behaviour of the soil stabilized with combined PKSP and SSP 

The behaviour of stabilized soil 
mixture at different penetration is 
presented. The natural soil is not fit 
for highways materials as it value is 
less than <3% and 5% for fill and 
subgrade materials respectively 
(FMW,1997).There is a consistent 
increase in CBR values when 
stabilized with the two additives at 
all the dosages except a consistent 
decline at 10% SSP and PKSP%. 
This infers that the load bearing 
capacity improves tremendously 
from 1.3% being the value for the 
natural soil to 22.5% (the highest) 
when stabilized 8% SSP. At 2% 
addition, SSP-stabilized mixture 
performed better than at 4% and 6% 
addition where PKSP improved the 
CBR better. The rapid improvement 
in soaked CBR indicates that the 
natural soil which was not fit for 
highways materials ordinarily 
gained strength after being 
stabilized with the additives. 
Summarily, soil mixture stabilized 
with 8% SSP and PKSP respectively 
offered the optimal mixture. 
However, the CBR behaviour of the 
stabilized soil mixture containing 
the combination of the additives in 
ratios of 2%:8%, 4%:6%, 6%:4% 
and 8%:2% of SSP and PKSP 
respectively are shown in Fig. 6. 
There was remarkable improvement 
in the CBR values of stabilized soil 
mixture containing all the 
combination ratios of SSP and 
PKSP respectively. Although, the 
improvement is highest in stabilized 
soil mixture containing 2%:8% ratio 
of SSP and PKSP respectively and 
lowest in 6%:4% ratio of SSP and 
PKSP respectively. With the 
improvement in the CBR values, the 
stabilized soil mixture satisfied the 
specified requirement for soil 
suitable for fill. 

 
 

Conclusion: The assessment of the 
natural and stabilized soil properties 
showed that the A-7-6 soil improve 
remarkably in compaction 
characteristics as well as plasticity 
behaviour. 
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Also, improved strength (CBR) of the stabilized 
matrix was observed. These results lend credence to 
the veracity of the additives as alternative stabilizing 
materials usable for road construction purposes and 
also in complementing lime or cement. The use of 
these additives will stimulate agricultural revolution 
and reduce highway cost, especially in Nigeria which 
is not an industrial-based country 
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